Results. Plain radiography was less effective in the detection of postoperative articular displacement (mean, 75.1% sensitive). The inter-observer and intraobserver agreement between reviewers was good to excellent in detecting reduction quality between the 2 modalities. Patient management was not altered by the findings of the CT scans. Conclusions. Although postoperative CT scanning of acetabular fractures in selective cases may be useful, issues such as higher cost, less effective allocation of resources, and excessive radiation doses do not support its routine use.
INTRODUCTION
The surgical treatment of acetabular fractures aims to correct articular incongruity and joint instability. 1 In addition to plain radiographs and 45-degree oblique Judet views, computed tomographic (CT) scanning has become a pre-requisite prior to surgical fixation of these fractures in order to adequately assess articular surface congruency, concentric joint reduction, the presence of loose bodies and marginal impaction, the precise fracture orientation and the degree of comminution. 2, 3 Postoperatively, CT scans may provide better assessment of fracture reduction ( Fig. 1) , impaction, and residual loose bodies (Fig. 2a) . Plain radiographs are not sufficiently sensitive or specific in cases of articular hardware penetration. 4, 5 CT scans are less susceptible to factors such as body habitus or patient positioning in terms of the quality of films achieved. 6 Nonetheless, postoperative CT scanning may have potential shortcomings. Reduction quality may be obscured by hardware and associated artefact 7 ( Fig. 2b) . Loss of osteochondral fragments or persistent impaction may be falsely interpreted as a residual fracture gap (Fig. 2c ). An axial CT image through an oblique fracture line may exaggerate an articular displacement; and similarly a fracture line lying in a plane parallel to that of the CT cuts may fail to be noted. The dose of radiation to which the patient is exposed during an acetabular CT scan averages 2.5 milliSieverts, equivalent to the dose of 300 standard chest radiographs or 3 years of background environmental radiation exposure.
A disparity between the clinical and radiological outcome following internal fixation of acetabular fractures is not uncommon. 8, 9 Although Letournel's 'perfect reduction' is achieved, the clinical results are sometimes disappointing. 10 The opposite scenario also holds true. This may be due to ineffective methods of measuring either the clinical outcome using the Merle d'Aubigne Scale 11 or radiological outcome using anteroposterior pelvic radiographs and 45-degree oblique Judet views.
This study aimed to investigate the role of CT scanning as a supplemental imaging modality in postoperative assessment following surgical fixation of acetabular fractures.
MATERIALS AND METHODS
A prospective study of a consecutive series of 20 patients (17 were excluded if they were older than 60 years or had previous femoral or pelvic surgery including total hip replacement. Intra-operative fluoroscopy was routinely performed for accurate placement of hardware and to avoid iatrogenic metal penetration of the joint (Fig. 3) . Postoperative scans were carried out on a high resolution helical CT scanner on day 2 using a 2-mm axial slice thickness with spatial resolution of less than 1 mm. Sagittal and 3-dimensional reconstruction imaging were not performed.
Postoperative plain anteroposterior pelvic and 45-degree oblique Judet views were compared with the axial CT scans. The accuracy of plain radiographs in the detection of articular reduction was examined in terms of sensitivity and specificity for detecting gap displacement and step deformity or offset. A displacement of less than 2 mm was considered anatomical. Images were further examined for evidence of hardware penetration of the joint and the presence of residual impaction or loose bodies.
To compare the reliability of plain films with CT scans, 3 independent reviewers (one consultant and 2 senior residents) examined all images at 2 separate time points. Inter-observer and intra-observer agreements were calculated using the weighted kappa statistic that is a measurement of agreement by chance. 12 Reference values devised by Svanholm et al. 13 were used: a kappa score of ≥0.75 indicates excellent agreement between observers, 0.51-0.74 good agreement, and ≤0.50 poor agreement.
Patients were followed up for at least 18 months, and their outcome assessed using the Harris Hip Score, Merle d'Aubigne score (Table 1) , SF-36 score, UCLA activity score, 14 and Matta's radiographic outcome score (Table 2) . 1 The Harris Hip Score and Merle d'Aubigne score are disease-specific measurement that assess symptom severity in the hip joint. The SF-36 is a general health questionnaire. The UCLA activity score is an assessment of functional activity ranging from 0 (severe incapacity) to 10 (ability to participate in rigorous activity such as contact sports). Matta's radiographic outcome score is a grading system that quantifies the degree of secondary degenerative changes in the hip following acetabular fracture fixation.
RESULTS
The fracture morphologies of the 20 patients according to the classification by Judet et al. 10 were: anterior column (n=4), posterior column (n=2), posterior wall (n=5), transverse (n=3), T-shaped (n=1), anterior/ posterior hemitransverse (n=1), transverse posterior wall (n=2), posterior column/posterior wall (n=2). There were no double column fractures in this series.
The sensitivity and specificity of plain radiography in the detection of residual articular displacement was 75% (range, 70-88%) and 98% (range, 90-100), respectively. There was excellent-to-good agreement in the inter-observer reliability (i.e. different reviewers examined the same images at a single time point) in detecting articular displacement for both plain radiographs and CT scans (Table 3 ). There was excellent agreement in intra-observer reproducibility (i.e. the same reviewer examined the same images at different time points) on quality of articular reduction (Table 4) . Based on the best agreement between reviewers, articular reduction was non-anatomic in 5 patients using plain radiography and in 7 patients using CT scanning.
Preoperatively, 3 cases of intra-articular loose bodies were identified on CT scans. A residual loose body remained in one case, consisting of a small fragment in the non-articular region of the acetabular floor. This was evident on postoperative plain radiographs and CT scans, but did not mandate surgical removal. Preoperatively, 2 cases of marginal impaction were identified on CT scans. Both were adequately elevated and no longer apparent on plain radiographs and CT scans postoperatively. Plain radiographs and CT scans suggested that articular penetration had occurred in 2 and one of the cases, respectively. There was no instance of hardware penetration detected by intra-operative fluoroscopy. Carmack et al. 15 have demonstrated that fluoroscopy is the gold standard modality to diagnose articular penetration. Hence, we did not consider these findings on plain films and CT scans to be true. In no case did plain radiography show defects not evident on CT scanning.
Clinical review was possible in 18 patients, 18 to 47 months (mean, 32 months) following internal fixation for acetabular fractures. The mean Harris Hip Score was 89 (range, 34-98). The mean total SF 36 score was 83.1 (range, 32.3-97.1; standard deviation, 19.12), with mean Physical Component Score of 80.3 and mean Mental Component Score of 86. The mean UCLA activity score was 7.1 (range, 2-10). This equates to a person being active i.e. regularly participating in active events such as bicycling, aqua-aerobics, gardening, or working out in the gym once or twice a week. The clincial outcome of the patients using Merle d'Aubigne and Postel score was excellent in 12 patients, good in 3, fair in 2, and poor in one. The poor clincial outcome occurred in a 56-year-old man who sustained a sciatic nerve palsy due to nerve transection at the time of fracture. The patient suffered intractable pain and functional loss in the affected lower limb. The reduction quality was anatomical on plain radiography, but was non-anatomical on CT. He had a good Matta radiological outcome and a Harris Hip Score of 34. Two patients had a fair clinical outcome: one was a 34-year-old man with an anatomical reduction on plain radiography and CT. He had an excellent Matta radiological result and a Harris Hip Score of 77. His clincial outcome was not supported by the objective radiological evidence. Another was a 58-year-old woman with a transverse fracture fixed via a Stoppa approach. Although the reduction was anatomical on plain radiography and CT, she developed symptoms and signs of hip osteoarthritis postoperatively.
DISCUSSION
Clinical and radiographical prognostication of acetabular fracture surgery has proved unpredictable. 8 Intuitively, one would expect the use of more sophisticated methods (such as CT scanning) to assess this outcome to be more reliable.
Moed et al. 16 examined 67 postoperative CT scans of posterior wall fractures and highlighted the difficulties in visualising this area using plain radiography alone. 24 patients had a minimum residual articular displacement of 2 mm, at least one aspect of which was greater than 1 cm. These gaps 17 showed that osteoarthritis occurred in 13.2% of patients with an anatomic reduction and 43.5% with a non-anatomic reduction. Most studies included in the meta-analysis used plain radiography alone to assess reduction quality.
An animal study that compared the accuracy of CT with plain radiography in the detection of preoperative articular displacement prior to fixation of acetabular fractures showed that plain radiography was 0% sensitive in detecting 2-mm step deformities in a single column, but was equally sensitive to CT in detecting gap displacement. 18 The present study supports the need for preoperative CT scanning, but not postoperative scanning because hardware and metal artefact may obscure imaging. We found that plain anteroposterior pelvis and 45-degree oblique Judet views were 75% sensitive in detecting postoperative residual articular displacement. Nonetheless, we were obliged to use CT scanning as a reference point for this measurement and this may introduce an inherent methodological flaw.
The accuracy of intra-operative fluoroscopy has been compared with computed tomography in the detection of screw penetration of the hip joint in a cadaveric study. 15 CT scanning was found to be 100% sensitive and 58% to 84% specific, depending on the slice thickness and spatial resolution used. The lower specificity may be due to image artefact or scatter generated from metal. Fluoroscopy is as sensitive as CT and slightly more specific in detecting articular penetration and able to make an intra-operative diagnosis, thus enabling immediate treatment and therefore is a superior modality.
CONCLUSION
The routine use of postoperative CT scanning following fixation of acetabular fractures seems reasonable; nonetheless, in this study there was insufficient evidence to support such a protocol. Although CT scans were more sensitive in the detection of residual articular displacement, this alone did not predict patient outcome or alter management. Many additional factors such as the development of avascular necrosis, the degree of femoral head trauma and articular comminution, the presence of marginal impaction, the patient's age, and other associated injuries interact in a complex manner to determine outcome. 1, 19 In consideration of the higher dosage of radiation to which the patient is exposed, combined with less effective allocation of health resources, we do not recommend routine postoperative CT scanning. Selective indications may justify its use such as when hardware penetration of the joint is suspected or to further investigate a suspected malreduction in the absence of intra-operative fluoroscopy. If preoperative marginal impaction or loose bodies are noted, a postoperative CT scan may be useful to confirm that the problem is addressed adequately. Postoperative CT scanning may also have a role in the teaching and training of surgeons in the management of these complex injuries.
